Abstract The potential role of socioeconomic status (SES) in the survival of patients with myelodysplastic syndromes (MDS) has not been evaluated. We conducted the first study to assess the prognostic role of neighborhood SES among a cohort of 2,118 patients (age C 66 years) who were diagnosed with incident MDS in the United States during [2001][2002]. Principal component analysis was used to develop a summary SES score by combining multiple measures of neighborhood SES. The score was then used to classify the census tract each patient resided in into a category of high, medium, or low SES. Hazard ratios (HRs) were estimated using multivariate Cox proportional hazard models. After adjusting for age, gender, comorbidities, and histological subtypes, compared with MDS patients lived in high-SES census tracts, those resided in medium (HR = 1.14, 95% CI: 1.01-1.30) and low (HR = 1.17, 95% CI: 1.02-1.34) SES census tracts had significantly increased the risks of death. The impact of SES on survival was more apparent for patients with refractory anemia with ringed sideroblasts-patients residing in medium (HR = 1.85, 95% CI: 1.17-2.91) and low (HR = 2.06, 95% CI: 1.27-3.37) census tracts had a nearly two-fold increased the risk of mortality, compared with those living in high-SES census tracts. In conclusion, this population-based study suggests that neighborhood SES status is a significant and independent determinant of survival among elderly patients with MDS in the United States.
Introduction
Previous studies about solid tumors (e.g. breast, colon/ rectum, and bladder cancer) have observed poor survival among patients with low socioeconomic status (SES) [1, 2] . In the US, people living in disadvantaged neighborhoods have poorer access to health care [3] [4] [5] . There has been evidence that different treatments were given to patients with cancer in different socioeconomic groups [1] . For example, patients with breast, colon, and prostate cancer patients residing in low-SES areas tend to receive less aggressive treatments [6] .
More recently, investigators have also looked at the role of SES in the prognosis of hematological malignancies with mixed results. In England and Wales, patients with non-Hodgkin lymphoma (NHL) and adult leukemia in affluent groups had higher survival rate, 5-and 10-year respectively [7, 8] . In Denmark, NHL patients with higher SES had better survival, but no significant association was observed between SES and the survival of patients with leukemia or Hodgkin lymphoma [9] . Two other NHL studies conducted in the US and Scotland also reported better survival among patients of higher SES [10, 11] . The survival of acute myeloid leukemia, however, did not appear to be linked to the SES of patients in a recently published US study [12] .
To date, no studies have assessed the possible role of SES in the survival of patients with myelodysplastic syndromes (MDS), a group of hematological malignancies marked by poor prognosis and frequent (*30%) transformation to acute myeloid leukemia, although a few prognostic factors, such as age, gender, blast percentage, number of cytopenias, transfusion dependence, and cytogenetics, have been identified [13, 14] . It is particularly timely to evaluate SES in survival of patients with MDS, given that new expensive therapies are being adopted for MDS. Utilizing the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database [15] , we conducted a large, population-based study to evaluate the impact of neighborhood SES on the survival of elderly MDS patients in the US.
Materials and methods

Data sources
The linkage of the SEER data with the Medicare records is the collaborative effort of the National Cancer Institute, the SEER registries, and the Center for Medicare and Medicaid Services (CMS). The SEER program consists of population-based tumor registries in 17 geographic areas, which cover *26.2% of the US population and include the states of California, Connecticut, Hawaii, Iowa, Kentucky, Louisiana, New Jersey, New Mexico, and Utah, the metropolitan areas of Atlanta, Detroit, and Seattle (Puget Sound), as well as rural Georgia and American Indians/Alaska Natives residing in the state of Alaska.
The MDS histology types recorded in SEER are based on the International Classification of Diseases for Oncology (3rd Edition, ICO-O-3) codes [16] , including (1) 9980: refractory anemia (RA); (2) 9982: RA with ringed sideroblasts (RARS); (3) 9983: RA with excess blasts (RAEB, including RAEB under the FAB classification and both RAEB-1 and RAEB-2 under the WHO recommendation); (4) 9984: RAEB in transformation (RAEB-t); (5) 9985: refractory cytopenia with multilineage dysplasia (RCMD); (6) 9986: MDS associated with 5q deletion; (7) 9987: therapy-related MDS; and (8) 9989: MDS, not otherwise specified. Since the morphologic feature of RAEB-t is considered more in line with that of AML, we conducted our analyses with and without the inclusion of patients with RAEB-t.
Study population
All individuals with a diagnosis of MDS made between 2001 and 2002 (n = 3,638) were identified from the most recently linked database; their Medicare claims through the end of 2004 were also obtained. We then excluded 98 patients who did not have an exact month of diagnosis recorded, 71 patients who were identified from death certificates only, and 378 patients who were 65 years or younger. The rationale to limit the age of diagnosis to 66 years or older is to ensure a minimum of 12 months of Medicare claims prior to MDS diagnosis [17] [18] [19] . In addition, we also excluded 762 patients who did not have continuous Medicare Part A and Part B coverage or were enrolled in health maintenance organizations (HMOs) during the period of interest, which began 12 months before diagnosis and ended at the time of death or in December 2004, whichever was earlier. This exclusion was necessary because the claims of these 762 patients would not have been all reported to the CMS [20] . After exclusions described earlier, 2,329 patients were retained, of whom 211 (9.06%) did not have their census tract information on file. Patients without census tract information (n = 211) did not differ significantly from patients with known census tract (n = 2,118) with regard to age at diagnosis, gender, race/ethnicity, vital status, year of diagnosis, or whether the area they resided in was rural/urban. We conducted all analyses with two different groups of patients: (1) 2,118 patients with known census tracts; and (2) 2,118 patients with known census tracts plus 211 patients with randomly allocated census tracts within the same counties. Since analyses with the two groups yielded extremely similar results, we decided to only report results from analyses involving the 2,118 patients with known census tracts.
Study variables
Categorization of SES
The linked database provides geocoded residential information for each patient at the time of diagnosis, and the smallest geographic unit included in the database is census tract, an area containing an average of 4,000 residents. As all patients included in our analysis were diagnosed during 2001-2002, we focused on census tract level SES measures from the 2000 US census. A total of 16,682 census tracts were identified in the SEER regions. After excluding census tracts with a median household income of zero and census tracts without any residents above the age of 25 years (usually non-residential areas such as university campuses and a prison), we used seven SES indicators of the remaining 16,569 census tracts to develop a SES index score. Specifically, we utilized principle component analysis and followed a similar procedure reported by Yost et al. [21] . The SES indicators variables included education index, median household income, percent living 200% below poverty level, percent white-collar workers, percent age [16 years in workforce without job, median rent, and median house value, which reflect information on education, income, and occupation, three major determinants of SES [22] , as well cost of living. The education index weighted the proportion of people attained a given level of education by the correspondent number of needed school years [23] . Only one principal component was extracted based on Kaiser Criteria and Scree test, and the component explained 68.5% of the variance. The output from the principle component analysis is a table of factor scores or weights for each variable. Variables with positive factor scores, i.e., education index, median household income, percent white-collar workers, median rent, and median house value, are associated with higher SES, and conversely variables with negative factor scores, i.e., percent living 200% below poverty level and percent age [16 years in workforce without job, are associated with lower SES. Using this index, we assigned a standardized score to each of the 16,569 tracts in the SEER regions in 2000 and then categorized these scores into tertiles: low, medium, and high SES. Each MDS patient included in our analysis was then assigned a corresponding neighborhood SES level based on their census tract at the time of diagnosis.
Other study variables
The vital status and date of death are included in the SEER-Medicare linked database. Survival time in this analysis was defined as the duration between the date of MDS diagnosis and the date of death due to any cause or December 31, 2004, whichever was earlier. Other variables of interested included age at diagnosis (categorized into five groups, 65-69, 70-74, 75-79, 80-84, and C85 years), gender, race/ethnicity (white and non-white), histological subtypes (as reflected by ICD-O-3 codes), and comorbidities. To measure comorbidities, we first examined inpatient records, outpatient and carrier files to ascertain all Medicare claims that were made within 1 year prior to the diagnosis of MDS and 1 month after the diagnosis; then, we used the health claim data to calculate a commonly used comorbidity index known as the Charlson index (with Romano adaptation) [24, 25] , which has been widely used as a summary measure for comorbid conditions. The methods have been described in a more detailed way by Wang et al. [26] . In this study population, the most common comorbidities observed were diabetes (21.0%), congestive heart failure (20.6%), and chronic obstructive pulmonary disease (18.6%) (comorbid conditions not mutually exclusive).
Statistical analysis
Frequencies and percentages were used to describe various characteristics of the study population. Kaplan-Meier product limit was used to describe the probability of survival at various times. The log-rank test was used to compare survival curves across SES categories. Unadjusted and adjusted Cox proportional hazard regression models were utilized to assess the impact of various characteristics on survival. Tests for trend were conducted by using the original value of each variable on a continuous scale, which means standardized census tract level SES score for neighborhood SES, age in years, and the actual Charlson index in its continuous format (as opposed to categories such as 1-2, C3). All analyses were conducted using SAS version 9.1 (SAS Institute, Inc., Cary, NC). All significance tests were two-sided with a = 0.05.
Results
More than 90% of the patients with MDS were white people, 54% were male, and 59% lived in big metropolitan areas ( Table 1) . The majority of patients had at least one comorbid condition. Those residing in low-SES areas were more likely to be female, non-white people, have comorbidities, and from Kentucky or Louisiana. The most frequently reported cause of death was neoplasm (56.5%), mainly leukemia (43.8% of neoplasm deaths), and MDS (38.4% of neoplasm deaths). Other major causes of death were diseases of the circulatory system (20.9%), the respiratory system (5.9%), and the digestive system (3.1%).
The median survival time for the overall study population was 17.8 [95% confidence interval (CI) 16.3-19 .0] months. Survival of MDS patients was significantly associated with neighborhood SES (p value from log-rank test \ 0.01) (Fig. 1) . The median survival time for patients residing in low, medium, and high-SES neighborhoods were 14.9 (95% CI: 13.6-16.9) months, 17.4 (95% CI: 15.4-18.9) months, and 21.6 (95% CI: 18.6-25.8) months, respectively.
Analyses with unadjusted Cox proportional hazard models suggested that residing in low-SES neighborhoods, older age, male gender, and the presence of comorbid conditions were associated with a greater risk of death (i.e., shorter survival), whereas race did not appear to affect survival (Table 2) . Residential area (urban/rural) was also not associated with survival, either (detailed data not shown due to small numbers of patients in certain cells). Different MDS subtypes showed varying prognosispatients diagonised with RARS appeared to have longer survival than patients diagnosed with RA, RAEB, or RAEB-t.
In multivariate analyses with adjusted Cox regression models, MDS patients residing in lower SES neighborhoods remained a negative prognostic factor (Table 3) . After adjusting for age, gender, and comorbidities (Model 1), MDS patients residing in medium-and low-SES neighborhoods had a 16-22% increased risk of death when compared with patients living in high-SES areas. There was a significant trend between standardized SES score and survival-a higher SES score was linked to longer survival. As with the unadjusted analyses, older age, male gender, and the presence of comorbid conditions were significantly predicative of shorter survival. A significant inverse trend between age at diagnosis and survival was identified. Male patients with MDS had significantly shorter survival than female patients (HR = 1.22, 95% CI: 1.09-1.35). Compared with patients without comorbid conditions (i.e., had a Charlson index of 0), those with a Charlson index of 1-2 or C3 had hazard ratios of 1.18 (95% CI: 1.05-1.32) and 1.73 (95% CI: 1.50-2.00), respectively. Additionally, adjusting for MDS subtype (Model 2) did not have much impact on the results. Compared with RA patients, RARS patients had lower risk of death (HR = 0.73, 95% CI: 0.59-0.91), while RAEB (HR = 2.43, 95% CI: 2.03-2.92) and RAEB-t (HR = 3.40, 95% CI: 2.34-4.93) patients had higher risk of death (Table 3) .
The analyses described earlier were also conducted separately for patients with one of the three major MDS subtypes (i.e., RA, RARS, and RAEB). The impact of SES on survival was most obvious among patients with RARS. Compared with RARS patients living in high-SES areas, the hazard ratios for RARS patients residing in medium and low-SES neighborhoods were 1.85 (95% CI: 1.17-2.91) and 2.06 (95% CI: 1.27-3.37), respectively; a We repeated all analyses described earlier for a total of 1,690 patients with MDS and without previous history of cancer (i.e., de novo MDS) and observed extremely similar results. In addition, these analyses were also carried out after excluding patients with RAEB-t, and the results were basically the same.
Discussion
To the best of our knowledge, this was the first study to address the role of neighborhood SES in the prognosis of MDS. Our findings suggest that neighborhood SES is significantly associated with MDS survival, even after adjusting for comorbidities and other patient characteristics. Comorbidities may influence disease progression and the ability to tolerate treatments, which in turn could affect survival. In this study, we did observe an increased risk of death with a higher Charlson index. However, the impact of SES persisted after comorbidities and other patient characteristics were taken into account, suggesting that residing in lower SES neighborhoods independently predicts shorter survival after the diagnosis of MDS. Health care factors, such as access to medical services, available medical expertise, treatments prescribed, and adherence to treatments, may play a role in the differences of outcomes with regard to SES. For the elderly population, the availability of help with transportation could be an important factor. In the US, people living in disadvantaged neighborhoods have poorer access to health care [3] [4] [5] . It has also been reported that patients with breast, colon, and prostate cancer patients residing in low-SES areas received less aggressive treatments [6] . It is conceivable that MDS patients with high SES may have been identified and/or treated earlier than MDS patients with low SES. Although we did not observe a significant association between age at diagnosis and neighborhood SES, we found that among patients of age 66-75 years of age, those who resided in high-SES neighborhoods were more likely to be diagnosed with RA and RARS, MDS subtypes that are known to have longer survival. One could also speculate that MDS patients living in high-SES neighborhoods may have access to medical care more easily or to ''better'' medical care leading to prolonged survival. Between May 2004 and May 2006, three drugs were approved by the Food and Drug Administration for the treatment of MDS, including azacitidine, lenalidomide, and decitabine. During the study period (2001) (2002) (2003) (2004) , however, treatment options for elderly patients with MDS mainly aimed at symptom management [27, 28] and included supportive care and palliative measures, such as hematopoietic growth factors, red blood cell or platelet transfusions, and antimicrobial agents [29] . In this study, we found that growth factors were more frequently received by patients with MDS who resided in high-SES neighborhoods (26.6%) than patients residing in medium (19.9%) or low (17.9%) level SES neighborhoods, whereas the history of receiving blood transfusions was similar across patients with different levels of neighborhood SES. After adjusting for the administration of growth factors and blood transfusions, neighborhood SES was still significantly associated with the survival of patients with MDS (RR for low vs. high neighborhood SES: 1.14, 95% CI: 1.00-1.31; p for trend = 0.01). We also found that the impact of SES on survival was more obvious for RARS, a subtype known to have better prognosis than other common MDS subtypes [30] . For subtypes known to be more aggressive (e.g. RAEB), it is possible that the biological characteristics of the disease play a more dominant role than external factors such as SES. Since the natural history of the more aggressive subtypes is shorter, there is also a limited time window for SES to exert any impact. This study has several strengths. A large number of newly diagnosed, population-based MDS cases were included in this analysis. Given the rarity of MDS, the sample size was remarkable. Previous studies of MDS prognosis were mostly based on case series from one or few clinical institutions, so the representativeness of the patients might have been questionable. To the best of our knowledge, this was the first study aimed at systematically evaluating the potential role of SES in the survival of patients with MDS. The SEER-Medicare linked database not only provided an opportunity to examine SES at the census tract level, but also made it possible to identify comorbid conditions of all patients. It was important to adjust/control for comorbidities in the analysis, as they are common in the elderly patients and have been linked to the prognosis of MDS in recent studies [26, [31] [32] [33] .
The design of the study also resulted in some limitations. The study subjects were restricted to elderly patients enrolled in Medicare (age C 66 years), so the findings may not be applicable to MDS patients diagnosed at a younger age. However, as approximately 80% of MDS patients were 65 years or older at the time of diagnosis [30] , our findings should be relevant with the vast majority of MDS patients. Medicare beneficiaries with enrollment in health maintenance organizations or without continuous coverage for Part A and Part B benefits were excluded from the analysis, as their health claims were unavailable or incomplete. We found that these patients were younger and lived in more affluent areas than Fee-for-Service participants, especially those enrolled in health maintenance organizations. This finding was consistent with what was reported in a previous study [34] . When we conducted analysis including participants without complete health claims and categorized their comorbidity index as unknown, we still observed an association between neighborhood SES and survival of patients with MDS (low vs. high SES: RR = 1.24, 95% CI: 1.10-1.39; medium vs. high SES: RR = 1.17, 95% CI: 1.05-1.30; p for trend \0.01). In addition, the assessment of SES might have been undermined by the fact that a census tract typically includes 4,000 residents-the census tract level SES may not accurately reflect an individual's SES. Nevertheless, a large body of literature supports the strong influence of neighborhood characteristics on an individual's health [3-5, 35, 36] . In this analysis, any deviation of individual level SES from neighborhood SES should not have been differential with respect to the outcome of interest (i.e., death after MDS diagnosis), as data on neighborhood SES were available before any deaths occurred. In this study, we did not have individual level data on SES or lifestyle factors, such as education, family income, smoking, and obesity.
In conclusion, lower neighborhood SES was associated with a significantly shorter survival among elderly MDS patients in the US, even though the mechanisms through which SES may operate remain unclear. This finding, if confirmed by future studies, may inspire other investigators to explore the underlying mechanisms. From a clinical perspective, diagnostic and therapeutic protocols need to be designed to serve both high and low SES patients with MDS.
